INTRODUCTION
Onychomycosis is a fungal nail infection caused by yeasts, dermatophytes, and some nondermatophyte molds. It is the most common nail disease in adults, which is responsible for almost 50% of all nail disorders (1). Its incidence is estimated at more than 10% among the healthy population and 40% in the elderly individuals, maybe associated with lack of maintain good foot care, impaired immune system, and decreased growth of the nail plate throughout the life (2) . The following forms of onychomycosis are recognized: distal and lateral subungual, superficial, endonyx, proximal subungual, mixed, totally dystrophic, and secondary onychomycosis. The nails become yellowish-white, permeable, and fragile. Predisposing factors contain diabetes, increasing age, peripheral arterial disease, immunosuppression, trauma, poor peripheral circulation, and sports activities (2) (3) (4) . The etiologic agent of onychomycosis varies in different countries (4) (5) (6) (7) (8) , nevertheless few data are available in Iran (9-11) especially in Isfahan (12, 13) . It is the purpose of this study to describe the prevalence of onychomycosis, and the range of fungal species isolated from nail infections in Isfahan, compared with other parts of Iran.
MATERIALS AND METHODS
The study was performed between June 2007 and June 2014 in Isfahan, Iran. A total of 9,785 suspected cases (3,295 male and 6,490 female) referred to the Shefa Mycology Reference Laboratory, Center for Medical Mycology in Isfahan, Iran. All individuals were asked to participate in this research. Patients endorsed the consent form and completed a comprehensive questionnaire including demographics, a summary of medical history, and personal habits. Patients who had taken antifungal agents throughout the last week were kept out from the research. Nail clippings were taken from fingernails or/and toenails and collected in sterile Petri dishes for direct microscopic examination with 15% potassium hydroxide and culture on sabouraud dextrose agar with chloramphenicol and cycloheximide (Mycosel agar; Difco, Detroit, MI), and sabouraud glucose agar (Difco). Some additional tests like culture on Trichophyton agars (BIOMARK, India), hair penetration test, urea hydrolysis (QUELAB, Canada), growth on rice grains, germ-tube test, chlamydoconidia production test using corn meal agar supplemented by 1% Tween 80 (BD, Maryland), CHROMagar Candida (CHROMagar Microbiology, Paris, France), API 20C AUX (bioMerieux, France), czapek dox agar (Merck, Germany) were used to confirm the fungal identification (13) (14) (15) (16) (17) (18) . The polymerase chain reaction restriction fragment length polymorphism (PCR-RFLP) was applied for identification of some Candida spp. and dermatophyte spp. isolated from onychomycosis in the present investigation.
PCR-RFLP for Candida species
Genomic DNA of each strain was extracted using FTA R Elute MicroCards (Whatman Inc., Clifton, NJ) according to the manufacturer's instructions (19) . Molecular identification of Candida strains was performed by using already delineated PCR-RFLP profiles (20, 21) . The ITS1-5.8SrDNA-ITS2 (where ITS is internal transcribed spacer) region was amplified using PCR mixture including 5 μl of 10× reaction buffer, 0.4 mM dNTPs, 1.5 mM MgCl 2 , 2.5 U of Taq polymerase, 30 pmol of both ITS1  (5 -TCC GTA GGT GAA CCT GCG G-3 ) and ITS4  (5 -TCC TCC GCT TAT TGA TAT GC-3 ) primers (21) , and 2 μl of extracted DNA in a final volume of 50 μl. The PCR cycling conditions comprised: initial denaturation at 94°C for 5 min, followed by 30 cycles of denaturation at 94°C for 30 s, annealing at 55°C for 45 s, and extension at 72°C for 1 min, with a final extension at 72°C for 7 min. During the second step, PCR products were digested with the restriction enzyme HpaII (Fermentas, Vilnius, Lithuania). Identification of newly described species of C. parapsilosis complex (C. parapsilosis, C. orthopsilosis, and C. methapsilosis) was performed by amplification of SADH gene using the SADHF (5 -GTT GAT GCT GTT GGA TTG T-3 ) and SADHR (5 -CAA TGC CAA ATC TCC CAA-3 ) primers (22) , followed by digestion with restriction enzyme Hin1II (NlaIII) (Fermentas). Five microliters of each PCR amplicons and 12 μl of RFLP products were separated by gel electrophoresis on 1.5% and 2% agarose gel (including 0.5 μg/ml ethidium bromide), respectively.
PCR-RFLP for dermatophyte species
DNA extraction was performed by phenol/chloroform method (23, 24) . ITS rDNA region was amplified using universal fungal primers ITS1 (5 -TCCGTAGGTGAA CCTGCGG-3 ) and ITS4 (5 -TCCTCCGCTTATTGA TATGC-3 ) (Sina Gene, Iran) (24) . PCR amplicons were digested with the restriction enzyme MvaI (Fast digest; Fermentas) (25) .
RESULTS
One thousand two hundred eighty-four patients of 9,785 (13.1%) had positive direct examination; 527 male (238 fingernail, 289 toenail) and 757 female (473 fingernail, 284 toenail). A total of 671 of 1,284 patients (52.2%) claimed for culture. Twenty-three samples (3.4%) did not grow due to unknown factors like washing the lesions, insufficient sample, and use of antifungal drugs. The disease period was from a week to 3 years. Age range of patients was between 1 and 82 years (mean age, 45 years). Housewives were the commonest infected population (Fig. 1) . Four hundred and sixty-seven patients (36.4%) had distal onychomycosis, 438 patients (34.1%) had proximal, and 379 patients (29.5%) had lateral onychomycosis. Nine patients (0.7%) had both fingernail and toenail onychomycosis, and the etiologic agents of fingernail and toenail in six of nine patients (66.6%) were same. Three hundred and thirty-one Candida spp. (51.1%), 174 dermatophyte spp. (26.8%), and 143 nondermatophyte spp. (22%) were isolated from nail infection in this investigation (Table 1) . Candida albicans was the most prevalent species isolated from patients in this study (34.9%) followed by Trichophyton interdigitale (11.7%), Aspergillus flavus (9.1%), Epidermophyton floccosum (8.5%), C. parapsilosis (6.9%), and T. rubrum (5.8%) ( Table 1) . Two hundred of Candida spp. were identified by PCR-RFLP technique ( Fig. 2 ) and 131 strains with phenotypic methods such as API 20C AUX and culture on CHROMagar Candida. Fifty-one dermatophyte spp. were identified by using phenotypic tests and 123 isolates with PCR-RFLP method (Fig. 3) . Two hundred and ninety-four patients (22.9%) had diabetes mellitus, 133 patients (10.3%) presented wearing tight shoes, 107 cases (8.3%) had a history of trauma, 82 patients (6.4%) had contact with different animals, and 668 patients (52%) mentioned no predisposing factor in their medical history form. Figure 4 divided the frequency of onychomycosis into the seven stages in this study.
DISCUSSION
The first step for treatment of onychomycosis is to make a precise diagnosis. This needs both clinical manifestations (such as discoloration, thickened nail plate, subungual hyperkeratosis, and onycholysis) and laboratory corroboration by using microscopy, culture, and some specific tests. Although 30-50% of cultures of nails yield false-negative results, but most guidelines suggest fungal culture to approve recognition of onychomycosis before treatment initiation (5) . Due to these facts that choice of drug depends on the causative agent of fungal infection, treatment duration of onychomycosis is prolonged, and extended systemic therapy with antifungal agents has potential side effects, consequently accurate identification of etiologic agents of nail infection can lead to an appropriate management of onychomycosis. If positive direct microscopy is taken as the exclusive criterion, the occurrence of onychomycosis would be 13.1% in this investigation, and it is higher than those formerly reported in the Spain (2.6%) (6), United States (11.8%) (4), Finland (8.4%), and United Kingdom (2.7%) (26). Aghamirian et al. (10) showed 40.2% of positive cases of onychomycosis in Qazvin (northwest of Tehran), Iran. They revealed lateral subungual onychomycosis as the most common clinical type of infection in 48.4% of patients, whereas we showed (29.5%) lateral onychomycosis in the present study as the rarest clinical form of the infection. They also reported T. rubrum as the most prevalent species (48.4%), but it was isolated from only 5.8% of patients in the present investigation. In agreement with findings in this study, they showed that females were affected more often than males, and fingernails were affected more frequently than toenails. Zaini et al. (27) reported 47.9% of onychomycosis in Tehran (capital and center of Iran). They showed C. albicans, A. flavs, and T. mentagrophytes as the most prevalent species by using traditional methods. Same to the present study, they revealed that finger nail infection was most common in females while toenail infection was prevalent among male population. They also disclosed A. niger, Rhizopus spp., and C. humicola as causative agents of onychomycosis, whereas we did not isolate these species in the present study. Ghannoum et al. (4) and Heikkila and Stuff (7) disclosed that male subjects were twice and three times as likely to have fungal nail infection as female subjects, respectively, in contrast to the present survey. They ascribed to the suggestion that "men exercise more." They reported that T. rubrum and Fusarium spp. were the most prevalent dermatophyte and nondermatophyte spp. isolated from the nails, while T. interdigitale and A. flavus were the most common dermatophyte and nondermatophyte isolates in the present study. Regression of onychomycosis after treatment is completely usual occurring in about 10-53% of cases, which is caused by insufficient or improper therapy or new nail infection after completing medicinal treatment (5, 28) . One hundred and thirty-four patients (10.4%) mentioned recurrence of infection after treatment in this study.
Recurrence of onychomycosis as a result of the nondermatophyte molds is frequent due to the lack of definitive therapy for this group. Seventy-six patients (53.1%) that infected to nondermatophyte species reminded relapse of the infection. This rate for dermatophytes and yeasts was 13.8% and 15.1%, respectively. (12) reported 39.8% of the occurrence rate of onychomycosis that it is higher than the incidence of onychomycosis in the present survey. In accordance with our findings, C. albicans was the most prevalent yeast (84%) in their study. In agreement with the present investigation, they reported housewives as the commonest infected population. Similar to our findings they showed distal and proximal subungual onychomycosis as the majority of fungal nail infections. The occurrence of toenail infection was same in males and females. Interestingly, almost all isolates in the present study are similar with previous one (12) except for C. kefyr, C. orthopsilosis, T. violaceum, and Microsprum canis. In the study that was performed by Khosravi et al. (31) in Tehran, Iran, Scopolariopsis brevicaulis was the most common nondermatophyte molds observed, but it was ranked sixth in the present study. In conformity with the present research, they revealed that females were affected more frequently than males, but opposing to this study, they showed that toenails were affected more often than fingernails. Surprisingly, in comparison with other study that was performed in Tehran, Iran (27) , Khosravi et al. (31) reported T. violaceum as the third fungal spp. (17.8%) isolated from onychomycosis, whereas there was not any T. violaceum among isolates reported by Zeini et al. (27) . We only identified three T. violaceum strains (0.5%) in the present study. In an investigation that was performed by Mohammadi et al. (32), T. interdigitale, E. floccosum, and T. rubrum were the most common dermatophytes isolated from tinea unguium. They isolated one T. violaceum strain from nail infection. BassiriJahromi et al. (33) done in different provinces in Iran. Soltani et al. (42) reported 56.4% of onychomycosis in Tehran. They showed that yeasts were the most common pathogens isolated from patients (71.4%), followed by nondermatophytic molds (17.1%) and dermatophytes (11.5%). Gerami shoar et al. (43) isolated C. albicans as the most prevalent spp. among patients with onychomycosis in Tehran by phenotypic tests. Kazemi revealed 7% of tinea unguium in the north-west of Iran (44) . He showed that 66% of tinea unguium infections were caused by zoophilic drematophytes, 31% by anthropophilic drematophytes, and 3% by geophilic species.
CONCLUSION
Precise diagnosis of onychomycosis is critical for excellent management of infection that is based on clinical signs and laboratory tests. The profile of the fungal nail infection is changing in different areas, so repeated studies on the prevalence of onychomycosis and the etiologic agents of the infection seems to be essential. The present study provides novel and appropriate epidemiologic data of onychomycosis, which can lead to the better prevention and treatment of this fungal infection.
